Modulation of histamine-induced Ca2+ release by protein kinase C. Effects on cytosolic and mitochondrial [Ca2+] peaks.
In HeLa cells, histamine induces production of inositol 1,4,5-trisphosphate (InsP3) and release of Ca2+ from the endoplasmic reticulum (ER). Ca2+ release is typically biphasic, with a fast and brief initial phase, followed by a much slower and prolonged one. In the presence of inhibitors of protein kinase C (PKC), including staurosporine and the specific inhibitors GF109203X and Ro-31-8220, the fast phase continued until the ER became fully empty. On the contrary, treatment with phorbol 12,13-dibutyrate inhibited Ca2+ release. Staurosporine had no effect on InsP3-induced Ca2+ release in permeabilized cells and did not modify either histamine-induced InsP3 production. These data suggest that histamine induces Ca2+ release and with a short lag activates PKC to down-regulate it. Consistently, Ca2+ oscillations induced by histamine were increased in amplitude and decreased in frequency in the presence of PKC inhibitors. We show also that mitochondrial [Ca2+] was much more sensitive to changes in ER-Ca2+ release induced by PKC modulation than cytosolic [Ca2+]. PKC inhibitors increased the histamine-induced mitochondrial [Ca2+] peak by 4-fold but increased the cytosolic [Ca2+] peak only by 20%. On the contrary, PKC activation inhibited the mitochondrial [Ca2+] peak by 90% and the cytosolic one by only 50%. Similarly, the combination of PKC inhibitors with the mitochondrial Ca2+ uniporter activator SB202190 led to dramatic increases in mitochondrial [Ca2+] peaks, with little effect on cytosolic ones. This suggests that activation of ER-Ca2+ release by PKC inhibitors could be involved in apoptosis induced by staurosporine. In addition, these mechanisms allow flexible and independent regulation of cytosolic and mitochondrial [Ca2+] during cell stimulation.